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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
RESEARCH MEMORANDUM 

THE EFFECT OF MOMENT-OF-AREA-RUIE MODIFICATIONS ON THE 
ZERO-LIFT DRAG OF THREE WING-BODY COMBINATIONS 
By Robert R. Dickey 


SUMMARY 


An experimental investigation was male to determine the effect on 
drag of applying the moment-of -area-rule modifications described in NACA 
RM A5^J19 to wing-body combinations with various wing plan forms. The 
effect of mounting air-to-air type missiles on the wing-mounted bodies 
of revolution which are part of the moment-of -area- rule modification was 
also investigated. Wing-body combinations with unswept, sweptback, and 
triangular plan-form wings having an aspect ratio of 3 and a thickness 
ratio of 0.03 were employed in the investigation. The zero -lift drag of 
the moment-of -area-rule configurations was measured and compared with the 
drag of the corresponding basic wing-body combinations at Mach numbers 
from 0.6 to 1.4. 

At transonic speeds, the moment-of -area-rule modifications provided 
reductions in the total drag as well as the wave drag for all three wing- 
body combinations. Although the actual amount of drag reduction was 
greater for the unswept configuration than it was for the sweptback and 
triangular configurations, on a percentage basis all three plan forms had 
approxj.ma.tely 15-percent-less total drag at a Mach number of 1.0 than the 
corresponding unmodified configuration . At the higher supersonic Mach 
numbers, the moment-of -area-rule modifications resulted in wave-drag 
increases for all three wings . Because of the additional surface area 
of the auxiliary bodies, the modifications also resulted in increases in 
skin-friction drag. 

The method of carrying missiles by mounting them on the moment-of- 
area-rule pods provided substantial drag reductions when compared to con- 
ventional under- the -wing installations. The drag result ing from mounting 
the four air-to-air type missiles on the pods was in most cases less than 
the drag of four isolated missiles; whereas, for the conventional instal- 
lation, the drag due to the addition of the missiles was approximately 
twice that of four isolated missiles. 
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OTRODUCTION 


A method for reducing the wave drag of wing-body combinations which 
not only gives low drag at sonic speed but also extends the region of 
low drag to higher Mach numbers was introduced in reference 1. This method 
which is called the "moment-of-area rule" differs from the "transonic area 
rule" (ref. 2) in that, in addition to the longitudinal distribution of 
cross-sectional area, it also considers the distribution of the moments 
of area taken about the vertical plane of symmetry. The optimum distri- 
butions of the moments of area for a wing-body configuration are obtained 
by adding auxiliary bodies of revolution to the wing. For low wave drag 
near a Mach number of 1.0, these wing-mounted bodies or pods are contoured 
and positioned in such a way that the second moment of area or the moment 
of inertia about the vertical plane of symmetry of the combined wing and 
pods has a smooth distribution of high fineness ratio. The optimum dis- 
tribution of area is obtained by indenting the body to compensate for the 
cross-sectional areas of the pods an well as the wings so that the 
resultant total distribution of area is smooth. 

Available experimental data on the results of applying the moment- 
of-area rule to wing-body combinations have thus far been limited to 
those published in references 1, 3> and 4. Reference 1 shows that f large 
reductions in wave drag were obtained at transonic speeds by modifying 
an aspect-ratio-2 elliptic plan-form wing and body combination according 
to the moment-of-area rule. Reference 3 shows that missile installation 
drags can be reduced by moment-of -area-rule modifications that consider 
the missiles an part of the wing pods even when such modifications 
increase the total volume of the configuration. Although the moment-of- 
area rule was not applied in designing the aspect-ratio-3 straight-wing 
configurations of reference 4, it was used to explain the relative drag 
rises of two models designed to have the same average area distribution 
at Mach number 1.4l. The configuration with the better distribution of 
the second moment of area (model with contoured nacelles) had lower wave 
drag at all Mach numbers. 

The primary purpose of the present investigation was to determine 
the drag reductions that could be obtained by applying the moment-of-area 
rule (without changing the total volume) to wing-body combinations having 
wing plan forms that are typical of current design practice. The moment- 
of -area- rule configurations were designed to have optimum area and second- 
moment-of -area distributions for low wave drag near a Mach number of 1.0. 

A secondary objective was to investigate the use of the moment-of -area- 
rule pods as supports for carrying missiles when the missiles sure not 
considered to be part of the moment-of -area-rule design and therefore 
cause deviations from the optimum' transonic area distribution. Identical 
missiles and plan forms were tested in reference 3 with moment -of -area- 
rule modifications that did include the missiles in the design. However, 
in the case of reference 3j smooth distributions of area were obtained by 
adding volume to the sideB of the models in the form of localized gloves. 
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The zero-lift drag of wing-body and wing-body-missile combinations 
was measured for configurations with uoswept, sweptback, and triangular 
plan -form wings at Mach numbers from 0.6 to 1.4. A constant Reynolds 
number of 1.5 million based on the mean aerodynamic chords of the wings 
was maintained throughout the Mach number range. 


NOTATION 


A 

CD 

CD-p 

Civ 

ACd^ 


aspect ratio 

foredrag coefficient based on wing area 
friction-drag coefficient 
wave -drag coefficient, Cp - 

incremental wave-drag coefficient. On of total 
configuration minus Cp w of basic body alone 


ACp^ssiies additional wave-drag coefficient due to missiles, of 

total configuration with four missiles minus Cpy. of 
total configuration 


l 


M 

MaCo) 

x 

P 


length of wing pods 
Mach number 

maximum value of second moment of area 
longitudinal distribution of the second moment of area 
longitudinal distance measured from midpoint of w ing pod 
speed parameter, •/m 2 - 1 
mp-x-intimn thickness ratio of wing 


APPARATUS 

Models 


The basic wing-body combinations were comprised of a cut-off Sears - 
Haack body and an aspect-ratio-3 wing with either an unswept, a sweptback, 
or a triangular plan form. The unswept wing had 64A003 airfoil sections, 
whereas the sweptback and triangular wings had NAGA 0003 airfoil 


4 


NACA RM A50ft.31 


sections. Modified versions of the three basic configurations were 
obtained by adding pods to the wings and contouring the bodies in accord- 
ance with the mornent-of -area rule of reference 1. The same total volume 
was maintained for both the basic and modified configurations. The gen- 
eral arrangement and pertinent dimensions of the three basic configura- 
tions and the moment-of-area-rule modifications are shown in figure 1. 
Tables I and II give the coordinates of the bodies and pods, respectively. 

The distributions of area and second moment of area for the basic 
and modified models are shown in figure 2. Note that the bodies of the 
moment-of-area-rule models before indentation were slightly larger in 
diameter than the basic body. The second moment of area of the body is 
small compared to that of the wing and therefore has been neglected. It 
may be seen that the additions of the wing pods had the effect of greatly 
increasing the fineness ratio of the second -moment -of -area distributions. 

For the moment-of-area-rule configurations of this investigation, 
the wing pods were shapes such that the second moment of area of the wing 
plus pods had a Sears-Haack body (minimum-drag body for given volume and 
length) type of distribution, as in reference 3 i that is, 

M a (x) - 


This differs from the distribution that was used in reference 1 where 


MsCx) = M 2 (0) 



The Sears-Haack type of distribution results in a low-drag pod with a 
more practical nose shape which Is not cusped. 

For the investigation of the use of the moment-of-area-rule pods as 
supports for missiles, four models of a typical air-to-air type missile 
were mounted on the pods as shown in figure 3- The addition of the mis- 
siles caused the distributions of area and second moment of area to devi- 
ate from their previously optimum (for transonic speeds) shapes as may 
be seen in figure 4. 


Wind Tunnel and Equipment 


The models were tested in the Ames 2- by 2-foot transonic wind 
tunnel. This tunnel is of the closed-circuit, variable -pres sure type 
and Is equipped with a flexible nozzle and ventilated test section which 
permits continuous choke -free operation from 0 to 1.4 Mach n umb er. A 
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complete description, of this wind tunnel may be found in reference 5* 

The forces anting on the models were measured by means of a flexure-type, 
str ain -gage balance which was mounted within the bodies of the models. 
The models were supported in the wind tunnel by a 1-inch -diameter sting 
support . 


TESTS AND CORRECTIONS 


The drag of the various models was measured at zero angle of attack 
for Mach numbers from 0.6 to 1.4. A constant Reynolds number of 1.5 mil- 
lion based on the mean aerodynamic chords of the wings was maintained 
throughout the Mach number range by varying the tunnel stagnation pres- 
sure. In order to obtain a turbulent boundary layer over the entire 
surface of the models and thus permit the evaluation of friction drag 
with a minimum degree of uncertainty, carborundum strips (mean grit 
height approximately 0.001 inch) were placed near the lead i ng edges of 
the wings and on the noses of the bodies. The additional wave drag 
caused by the carborundum strips is believed to be small and should not 
affect the relative drag levels of the various configurations. 

No corrections have been applied to the data for wall-interference 
effects since reference 5 indicates that for the size of models employed 
during the present investigation (blockage ratios of approximately 
0.5 percent) the effects would be small. Corrections for air-stream 
angularity and longitudinal pressure gradient were also small and have 
been neglected. The measured drag of all models was adjusted to corre- 
spond to a condition of free-stream static pressure acting at the blunt 
base of the bodies; therefore, the drag coefficients presented in this 
report represent the foredrag of the models. 

In addition to the small systematic errors which may be introduced 
by neglecting the wind-tunnel corrections, the test data are subject to 
random errors of measurement. An estimate of the maximum inaccuracies 
due to limitations in the balance and recording equipment and the average 
repeatability of the data indicate that the precision of the drag 
coefficients is approximately ±0.0003. 


RESULTS AND DISCUSSION 
Effect of Moment-of -Area-Rule Modifications 


The zero-lift drag coefficients of the moment-of-area-rule configu- 
rations, the basic wing-body combinations , and the basic body alone are 
shown plotted versus Mach number in figure 5. The data for the basic 
wing-body combinations were taken from reference 3 • Compared to the 
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basic wing-body combinations, the moment-of -area-rule configurations had 
lower drags at transonic speeds and higher drag-divergence Mach numbers; 
however, at subsonic speeds and also at the higher supersonic Mach num- 
bers, the moment -of -area- rule modifications resulted in increased drag. 

The maximum reduction in drag coefficient : resulting from the moment -of - 
area-rule modifications was greater and extended over a greater Mach num- 
ber range for the unswept plan form than for the sweptback or triangular 
plan forms. On a percentage basis, the moment-of -area-rule configurations 
with unswept, sweptback, and triangular plan-form wings had maximum drag 
reductions of approximately 18, 12, and 13 percent, respectively. It 
should be pointed out that the percentage reductions obtained near Mach 
number 1.0 would be considerably less if the moment -of -area- rule configu- 
rations were compared with transonic-area- rule configurations instead of 
the basic wing-body combinations. 

Because of the additional surface area of the wing-mounted pods, the 
moment- of -area- rule configurations would be expected to have increased 
skin friction at all Mach numbers. This increase in friction drag 
accounts for the higher drag of the moment-of -area-rule configurations 
at subsonic speeds. At a Reynolds number representative of a full-scale 
airplane (e.g. , Reynolds number of 30 million), the increased friction 
drag for the moment-of 1 -area- rule configurations at subsonic speeds would 
be expected to be less than that indicated by these wind-tunnel tests. 

The variation of wave drag with Mach number for the moment-of -area 
rule configurations, the basic wing-body combinations, and the basic body 
alone is shown in figure 6. Wave drag was obtained by subtracting the 
friction drag from the total foredrag. In computing the friction drags, 
it was assumed that at a Mach number of 0.6 the measured drag was entirely 
due to skin friction and that the variation of friction drag with Mach 
number was that given by reference 6 for a turbulent boundary layer. As 
in the case for the total drag, the moment-of -area- rule modifications 
resulted in lower wave-drag coefficients for all three plan forms at 
transonic speeds with the largest reduction being obtained with the 
unswept-wing configuration. It should be noted that since both the 
moment-of -area rule and the transonic area rule result in the same dis- 
tribution of cross-sectional area, both rules should give the same wave 
drag at Mach number 1.0, providing the aspect ratio, wing thickness, and 
plan form are such that the transonic. area rule is applicable. It is 
shown in references 7 nnd 8 that for the transonic area rule to be appli- 
cable the value of the parameter At 1 / 3 should be less than 1.0 for 
rectangular wings and less than 1.3 for triangular wings. The three 
wings of the present, investigation have a value of At 3 -/ 3 of 0.93- It 
may be reasoned that area-rule body indentations for higher aspect-ratio 
wings would lose theit effectiveness because the indentations are so far 
removed from the outer portions of the wing. A moment-of -area-rule 
design, on the other hand, has indentations in the wing pods as well as 
in the body and the distances between the indentations and the wing 
extremities are thus not as great. Experimental evidence of this advantage 
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of the moment-of-area rule is shown in reference 4 where lower drag was 
obtained for a supersonic-area-rule design (At 3 -/ 3 = 1 . 08 ) by indenting 
the engine nacelles as well as the body. 

Another manner of presenting the wave -drag data, as recommended in 
reference 1, is shown in figure 7 in which incremental wave-drag coeffi- 
cients for the moment-of-area-rule and the basic wing-body configurations 
were obtained by subtracting the wave drag of the basic body from, that of 
the complete configurations. In contrast to the increases in incremental 
wave drag displayed (fig. 7) at the higher test Mach numberfe by the moment- 
of-area-rule configurations with inswept, sveptback, and triangular plan- 
form wings of aspect ratio the results of reference 1 show that a 
moment-of-area-rule configuration with an elliptic plan-form wing of 
aspect ratio 2 had lower incremental wave drag at al 3 Mach numbers up to 
1.4. It can be established from the theory of reference 1 that because 
of the increased aspect ratio of the test wings it would be more equitable 
to compare the effects of the moment-of-area-rule modifications on a 
reduced aspect ratio basis. In figure 8, the reduction in incremental 
wave drag (in percent of the maximum possible reduction) predicted by the 
moment-of-area rule is plotted versus |3A for the three plan forms of 
this investigation as well as for the aspect-ratio-2 elliptic plan-form 
wing of reference 1. These percentages are subject to a maximum error 
of ±6 percent because of the inaccuracies in measuring total drag. It 
may be seen from figure 8, that at the higher values of pA the elliptic 
plan-form wing of reference 1 would probably have had an increase in 
incremental wave drag as do the three plan forms of this investigation. 
Although it would appear from figure 8 that the moment-of-area rule is 
not effective at the higher values of pA, it should be remembered that 
these data represent moment-of-area-rule designs for which the distribu- 
tions of only the area and the second moment of area were made an optimum. 
The theory of reference 1 indicates that drag reductions can be extended 
to higher values of PA by taking into account the higher order moments 
of area. In order to account for these higher order moments, it is neces- 
sary to make use of a greater number of auxiliary pods. 


Effect of Missile Installations 


The second phase of this investigation was concerned with the 
utilization of the moment-of-area-rule wing pods as supports for carrying 
four air-to-air type missiles. The total drag coefficients for these 
configurations are shown in figure 9* For comparison, the drag coeffi- 
cients of the conventional unde 1 — the -wing missile installations and the 
moment-of-area-rule missile ins tallat ions which were reported in refer- 
ence 3 are also shown. Although the configurations of reference 3 
utilized the same basic wings, bodies, and missiles as the present inves- 
tigation, the moment-of-area-rule configurations differed in several ways 
which would affect their relative drag levels. The moment-of-area-rule 
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configurations of reference 3 had more optimum distributions of the second 
moment of area "because the missiles were included in the design. On the 
other hand, the moment -of -are a- mole configurations of reference 3 had 
greater total volume "because gloves were added to the sides of the "bodies 
to obtain smooth distributions of area instead of indenting the bodies 
symmetrically as vas done for the present tests. Figure 9 shows that for 
all three plan forms the drag of the present moment-of-area-rule configu- 
rations with missiles was less than the drag of either the conventional 
missile installation or the moment-of-area-rule missile installation of 
reference 3. 

Figure 10 shows the wave drags of the configurations discussed 
above. It may be seen that the present moment -of' -area-rule configurations 
with missiles not only had less wave drag than the other configurations 
with missiles but also had less wave drag than the basic wing-body combi- 
nation without missiles over part of the transonic speed range. It Bhould 
be pointed out that the reductions shown would be considerably less if 
the comparisons were made with transonic area-rule configurations instead 
of the unmodified wing-body combinations. 

For most conventional missile installations, the additional wave 
drag due to the addition of the missiles is much greater than would be 
indicated by the wave drag of an isolated missile. These large installa- 
tion drags are caused by the detrimental interference effects between the 
missiles themselves and between the missiles and other components of the 
configuration. The Installation wave drags for the configurations of this 
investigation and those of reference 3 are shown in figure 11. For com- 
parison, a curve representing four times the wave drag of an isolated 
missile is also shown. It may he seen that the installation wave drags 
for the moment-of-area-rule configurations of the present investigation 
were generally less than the wave drag of four isolated missiles; whereas, 
for the conventional type of installation, the drag due to the addition 
of the missiles was approximately twice that of four isolated missiles. 
These results indicate that the interference effect was favorable when 
the missiles were carried on the moment-of-area-rule pods and unfavorable 
when the missiles were carried in the conventional manner. 

From the foregoing results on the missile installation phase of this 
investigation, it is apparent that the configurations with moment-of-area- 
rule pods offer an advantageous means of carrying air-to-air type missiles 
since such configurations had relatively low drag with or without the 
missiles in place. 


CONCLUDING REMARKS 


The effectiveness of the moment-of -area rule when applied to wing- 
body combinations with unswept, sweptback, and triangular plan-form wings 
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of aspect ratio 3 has been demonstrated by the results of this investiga- 
tion. Although, the zero-lift drag -was reduced a greater amount for the 
configuration 'with the unswept wing than it was for the configurations 
with sweptback or triangular wings, on a percentage basis all three plan 
forms had approximately 15 percent less total drag than the corresponding 
unmodified configuration at a Mach number of 1.0. However, at subsonic 
speeds and at the higher supersonic speeds the modifications resulted in 
drag penalties. 

The results of the tests with four air-to-air type missiles mounted 
on the pods of the moment-of -area-rule configurations indicate that the 
pods provided an attractive means of car lying external stores of this 
type. The moment-of -area-rule models had relatively low drag either with 
or without the missiles installed. The additional wave drag due to the 
addition of four missiles to these configurations was in most cases less 
than four times the drag of an isolated missile; whereas, for the con- 
ventional under-the-wing type of installation, the drag due to the addition 
of the missiles was approximately twice that of four isolated missiles. 


Ames Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Moffett Field, Calif., Jan. 31, 1958 
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TABLE X.- BODY COOEDIHATES 


Body 

station, 

in. 

Body radius , 
in. 

Basic 

With, unsvept 

With, swept- 

With triangu- 

wing 

hack wing 

lax wing 

0 

0 

0 

0 

0 

• 5 

.139 

.142 

.142 

.142 

1.0 

.230 

.235 

.235 

.235 

1.5 

.305 

.313 

.313 

.313 

2.0 

.371 

.380 

.380 

.380 

2.5 

.427 

.440 

.440 

.440 

3.0 

.481 

.493 

.493 

• 493 

3.5 

.527 

.541 

.541 

.541 

4.0 

.570 

.585 

.585 

.585 

4.5 

.607 

.6l4 

.625 

.625 

5.0 

.642 

.627 

.658 

.660 

5-5 

.671 

.636 

.689 

.690 

6.0 

.699 

.642 

.716 

.716 

6.5 

.721 

.648 

.740 

.741 

7.0 

.741 

.652 

.754 

.758 

7-5 

.757 

.602 

.738 

.750 

8.0 

.771 

.580 

.713 

.730 

8.5 

.780 

.585 

.688 

.709 

9.0 

.788 

.597 

.667 

.691 

9.5 

.792 

.615 

.654 

.675 

10.0 

.794 

.640 

.650 

.665 

10.5 

.791 

.668 

.658 

.666 

11.0 

.786 

.702 

.675 

.670 

11.5 

.778 

.723 

.699 

.680 

12.0 

.767 

.730 

.707 

.690 

12.5 

.753 

.735 

.695 

.692 

13.0 

.735 

.737 

.675 

.681 

13.5 

.714 

.730 

.657 

.667 

14.0 

.690 

.707 

.644 

.652 

14.5 

.663 

.678 

.630 

.636 

15.0 

.632 

.647 

.616 

.617 

15.5 

.597 

.612 

.597 

.595 

15.644 

.585 

.601 

.591 

.590 
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TABLE II.- POD COQKDIHATES 


Pod 

station, 

in. 

Pod radius, 
in. 

With un swept 
wing 

With swept- 
back wing 

With triangu- 
lar wing 

-4.80 

0 

— 

— 

-4.73 

— 

0 

— 

-4.68 

— 

— 

0 

-4.50 

.065 

.047 

.030 

-4.00 

.129 

.100 

.083 

-3.50 

.177 

O 

-=t* 

H 

• 

.114 

-3.00 

.216 

.156 

.132 

-2.50 

.247 

.166 

.140 

-2.00 

.272 

.170 

.145 

-1.50 

.280 

.170 

.144 

-1.00 

.228 

.160 

.129 

-.50 

.125 

.122 

.094 

0 

.046 

.038 

.040 

.50 

.136 

.120 

.078 

1.00 

.207 

.184 

.148 

1.50 

.258 

.221 

.232 

2.00 

.267 

.232 

.217 

2.50 

.248 

.211 

.196 

3.00 

.217 

.184 

.169 

3.50 

.178 

.150 

.135 

4.00 

.129 

.105 

' .094 

4.50 

.065 

.047 

.034 

4.68 

— 

— 

0 

4.73 

— 

0 

— 

4.80 

0 

— 

— 


■‘•Measured from midpoint of pod. 
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Basic model 

Moment -of- area -rule modifications 

Leading -edge sweep 12.5* 

Airfoil section 64 A 003 

Wing area 38.88 sq. in. 


(Dimensions in inches except as noted) 

(a) Unswept wing. 



Figure 1 .- Dimensions of the basic and 
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(b) Sweptback ving. 


Figure 2.- Continued. 




Basic configuration 
(wing + body) 
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(c) Triangular ving, 


Figure 2.- Concluded, 
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(a) Unswept wing. 

Figure 4.- Longitudinal distributions of area and second moment of area 
for the moment -of -are a- rule configurations with missiles. 
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(c) Triangular ving. 
Figure K.- Concluded. 
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(b) Sweptback wing 
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(c) Triangular wing 


Figure 6.- Variation of wave drag with. Mach number for the basic wing' 
body combinations, the body alone, and the moment -of -area- rule 
configurations. 
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Figure 7.- Variation of incremental wave drag -with Mach number for the 
basic wing-body combinations and the moment-of -area-rule 
configurations . 
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Figure 8.- Variation of incremental vave-irag reduction with reduced aspect ratio. 
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Figure 9»“ Variation 
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Figure 10.- Variation or wave drag with Mach number for configurations 

with missiles. 










